ABSTRACT Background: Studies indicated higher rate of vitamin D deficiency in Iranian children and also its potential role in both pathogenesis and management of Type 1 diabetes mellitus (T1DM), so we aimed to evaluate the impact of vitamin D supplement therapy on glycemic control and level of Insulin-like growth factor-I (IGF-1) in children with T1DM. Methods: In this cross-sectional study, a total of 30 children with T1DM and serum 25-hydroxyvitamin D levels lower than 29 ng/ml were enrolled. In addition to insulin therapy, the patients underwent treatment with 50,000 units of cholecalciferol (vitamin D3) once a week for a period of 12 weeks. Mean of serum vitamin D, IGF-1 and hemoglobin A1C (HbA1C), before and after treatment were compared. Results: Serum vitamin D increased significantly after 12 weeks treatment (P<0.001). Mean level of IGF-1 and HbA1c increased and decreased significantly after treatment with vitamin D supplement, respectively (P=0.01 and 0.04). There was a significant negative correlation between HbA1c and IGF-1 (r= -0.69, P<0.001) and 25(OH) D (r= -0.40, P=0.05), 12 weeks after treatment with Vitamin D3 supplement. Conclusion: Our results indicated that vitamin D treatment enhance level IGF-1 which was accompanied by decreased levels of HbA1c in patients with T1DM. So, developing a proper vitamin D treatment guideline specified in T1DM patients would result in better glycemic control and proper prevention of its related microvascular and macrovascular complication.
INTRODUCTION
Type 1 diabetes mellitus (T1DM) is one of the most common endocrine disorders of pediatric population. Some epidemiologic studies revealed that the prevalence of T1DM in children aged under 15 years old is approximately 490000, from which 78000 new cases diagnosed annually as new cases of T1DM (1, 2) . The epidemiology of the disease is varied in different population and geographical regions, but recent evidences indicated that the incidence of T1DM had increasing trend during last decades (3, 4) .
T1DM is associated with different microvascular and macrovascular complications which consequently effect on the disease cost and patients well-being and quality of life (5) . Evidences indicated that appropriate glycemic control would reduce the risk of T1DM related morbidity and mortality. There are also documents that in addition to patients' subjective care some factors and supplementation could improve glycemic control of diabetic patients (6, 7) .
One of the supplements which are suggested that could improve glycemic control is vitamin D (8, 9) . There are also evidences regarding the role of vitamin D in the pathogenesis of T1DM (10, 11) . Recent review studies indicated that vitamin D supplementation both in prenatal and postnatal periods reduce the risk of T1DM (12) . Some previous studies mainly among adult patients with T1DM demonstrated that vitamin D could improve glycemic control of the patients by reduction in glycated haemoglobin (HbA1c) (8, 9, 12) . There are few studies in this field among pediatric population (13, 14) .
In addition to HbA1c which is an indicator of glucose homeostasis, there are also some other indicators such as Insulin-like growth factor-I (IGF-1). It is a peptide hormone that is similar to insulin regarding its function and structure. The interaction of IGF-1 and growth hormone (GH) with insulin hormone plays a key role in the regulation of glucose homeostasis (15, 16) . Several reports showed that recombinant IGF-1 administration in diabetic patients could significantly reduce the level of blood glucose and increase insulin sensitivity (17, 18) .
There are also evidences regarding the association between vitamin D and IGF-1 level (19) . It is suggested that vitamin D could increase the level of IGF-1 and improve the regulation of glucose homeostasis.
Considering that vitamin D deficiency is an important health problem worldwide in children and adolescents and recent studies from Iran also indicated higher rate of vitamin D deficiency in this age group and also its potential role in both pathogenesis and management of T1DM, so we aimed to evaluate the impact of vitamin D supplement therapy on glycemic control and level of IGF-1, the factors which are associated with T1DM related complication, in children with T1DM.
MATERIALS AND METHODS
In this cross-sectional study, children and adolescents with T1DM aged 5-15 years with 25-hydroxyvitamin D levels lower than 75nmol/L (29 ng/ml) that referred to the endocrine clinic of Imam Hussein Children's Hospital, the pediatrics referral hospital of Isfahan province, affiliated to Isfahan University of Medical Sciences, were enrolled.
The study was conducted from September 2015 to September 2016. Protocol of the study was reviewed by pediatrics review board and approved by regional ethics committee of Isfahan University of Medical Sciences. All participants signed written informed consent to confirm their agreement to participate in the research.
The patients were selected by random sampling method. Those with malabsorptive disorders were excluded. Using a questionnaire, the medical history of the patients, demographic and anthropometric characteristics (weight, height and BMI) as well as data about the duration of T1DM, presentation, treatment and glycemic control of the disease were recorded in the medical files of the patients. In addition to their routine insulin therapy, the patients underwent treatment with 50,000 units of cholecalciferol (vitamin D 3) once a week for a period of 12 weeks. Before treatment with vitamin D, as a baseline, serum vitamin D, IGF-1 and HbA1c were measured in the selected patients. After the treatment period the patients referred to the clinic and the level of mentioned biochemical factors were measured also. Mean of serum vitamin D, IGF-1 and HbA1c, before and after treatment with vitamin D3 were compared.
Laboratory Measurements
Venous blood samples were obtained from all selected patients. Serum vitamin D was measured by radioimmunoassay ELISA (Immunodiagnostic System Limited, UK). HbA1c was measured by means of ion-exchange high performance liquid chromatography (Arkray, Adams Japan). IGF-1 was measured by radioimmunoassay (RIA) using Pars Azmoon commercial kits (Tehran, Iran).
Statistical Analysis
All statistical analyses were performed using SPSS version 20.0 (SPSS, Inc., Chicago, IL, USA). The Kolmogorov-Smirnov test was used for assessment of normality of data distribution. Because the data were normally distributed, t-test was used to compare differences before and after receiving vitamin D3. Partial correlation analysis adjusted for age, BMI, diabetes duration and baseline concentrations serum of 25-hydroxyvitamin D, IGF-1 and HbA1c was used to reveal the relationship between variables.
RESULTS
In this study 30 children and adolescents (15 Serum vitamin D increased significantly after 12 weeks treatment (P<0.001). Mean level of IGF-1 and HbA1c increased and decreased significantly after treatment with vitamin D supplement, respectively (P=0.01 for IGF-1 and P=0.04 for HbA1c).
Results of Partial correlation analysis of variable are presented in Table There are growing evidences that vitamin D deficiency have important role both in pathogenesis and glycemic control of type 1 diabetes mellitus (9, 10) . Some previous studies demonstrated that vitamin D supplementation results in better glycemic and metabolic control in type 1 diabetic patients (13, 14) . On the other hand, reports from Iran indicated that glycemic control (based on mean HbA1c) was poor in Iranian children with T1DM (20) . It seems that high prevalence rate of vitamin D deficiency among Iranian population could explain the above mentioned situation of Iranian T1DM patients. This study conducted to evaluate the effectiveness of vitamin D supplement in the glycemic control of children with T1DM.
Several studies worldwide have demonstrated that the level of vitamin D is low in type1 diabetic patients and prevalence of vitamin D deficiency is high in diabetic than non-diabetic patients. Reported rate for vitamin D deficiency ranged from 50-80% in different population (21) (22) (23) .
As mentioned different studies from various regions have investigated the effectiveness of vitamin D supplement therapy on glycemic control and level of HbA1c in type 1 diabetic patients and almost all of them indicated that vitamin D could improve glycometabolic status.
Two studies from different cities of Iran by Mohammadian et al. (13) and Ordooei et al. (24) showed that vitamin D supplement with different dosage and treatment protocol could improve glycemic control of T1DM children and adolescents. The design of our study was similar to the two mentioned studies. Ordooei and colleagues reported that reduction of HbA1c level in this group of patients occurred without any changes in mean level of their insulin dose (24) .
Studies from Saudi Arabia, Egypt, Germany and Italy also indicated that vitamin D supplement therapy could improve glycemic control in children and adolescent with T1DM (14, (25) (26) (27) .
Nwosu et al. in the USA did not report such an effect on HbA1c after 3 months of vitamin D supplementation in T1DM patients with vitamin D deficiency (28) . Bizzarri and colleagues, in the IMDIAB XIII study also did not found any protective effect of vitamin D supplement on glycemic control of newly diagnosed T1DM patients, 6, 12 and 24 months after therapy (29). Our results were similar to those reported the positive effect of vitamin D in reduction of HbA1c level. The dose of vitamin D in above mentioned studies were not similar. It seems that the administrated vitamin D dose in each study was according to the lifestyle variables of each population such as clothing, the food choice, socio-economic status, outdoor activities as well as climate of each region.
Regarding the effectiveness of vitamin D supplement therapy on IGF-1 there were few studies in literature review. It is well known that IGF-1 can reduce hepatic glucose production and increase in peripheral glucose uptake (30) . On the other hand, serum IGF-1 levels negatively correlated with HbA1c (31, 32) . Faerch et al. demonstrated a significant negative association between IGF-1 and glycemic control of T1DM patients (33).
Evidences indicated that serum level of IGF-1 is reduced in newly diagnosed children with T1DM and insulin therapy increase the level of IGF-1 in these patients (34) . Carroll et al. showed that IGF-1 replacement therapy could increase insulin sensitivity in adult patients with T1DM (35). Ameri et al. found that vitamin D supplement could increase the level of IGF-1 in adult population (36) .
Thus, it is suggest that vitamin D supplement in addition to insulin therapy could increase the level of IGF-1 and consequently improve the glycemic control of patients with T1DM.The results of our study confirms the suggestion. There was a significant negative correlation between HbA1c and IGF-1 and vitamin D, 12 weeks after treatment with Vitamin D3 supplement. There was not similar study in this regard among pediatric population with T1DM, so it seems that further prospective studies with larger sample size should be designed for proving more accurate conclusion in this field.
The limitations of this study were the small sample size of the patients, its cross sectional design and short term follow up of the patients. It is recommended to design clinical trials with larger sample size including also those with normal level of vitamin D.
Evaluation of the effect of vitamin D therapy on serum level of IGF-1 is considered the strength of current study due to its novelty among pediatric T1DM patients.
CONCLUSION
The results of this study indicated that vitamin D treatment enhance level IGF-1 which was accompanied by decreased levels of HbA1c in patients with T1DM.So, developing a proper vitamin D treatment guideline specified in T1DM patients would result in better glycemic control and proper prevention of its related microvascular and macrovascular complication.
